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Purpose of RIDM

« Fewer Dam Failures
- Make Dam Safety Decision—Making
More Effective and Efficient

- Improve Evaluations, Investigations,
Remediations, and Monitoring




Outline

» Background
« Overview of Risk Guidelines
« Path Forward
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FERC Strategic Plan (2014)

« Goal 2 (of 3)

s Promote the development of safe,
reliable, secure, and efficient
infrastructure that serves the public
interest.

» Objective 2.2 (of 2)

o Minimize risks to the public
associated with FERC-jurisdictional
energy infrastructure.

- Strategy 1 (of 3)
»  Use risk-informed decision making
to evaluate dam safety.
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Risk Activities

Policy/Guidance Documents
Risk Methodology

Pilot Studies
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Risk Guideline Status

- In development since about 2012

- Draft guidelines in August 2015

- External review from Sept through Dec 2015

- Draft final guidelines in February 2016

- Final guidelines (interim) posted in March 2016

-
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TECHNICAL GUIDES ON DAM SAFETY

Guidance Note on Dam

TECHNICAL GUIDE ON
OPERATION OF DAMS AND RESERVOIRS

VOLEMET e Safety Decision Principles
RISK ANALYSIS APPLIED TO -
MANAGEMENT OF DAM SAFETY g DAM SAFETY GUIDELINES 2007

ENGINEERING AND DESIGN (2013 Edition)

SAFETY OF DAMS - POLICY AND
PROCEDURES

CDAACB

Canadian Dam Association
Association Canadienne des Barrages
www.cda.ca

ENGINEER REGULATION

ROFEBSIONAL ASSOCIATION OF
IVIL ENGINEERS

SPANISH NATIONAL Department of RS-
COMMITTEE ON LARGE DAMS Sustainability and Environment Kifa{els]

RECLAMATION S GI=l Guidelines

Managing Water in the West L
on Risk

Assessment

Risk Management Policy Framework

e il AR bt delivering benefits
e through evidence

Endorsed by Cabinet
22 August 2006

Guide to risk assessment for reservoir
safety management

&Dm South e Qv
ams Safety Commitiee

Volume 1: Guide

Report — SC090001/R1

Australian National
Committee on
Flood and Coastal Erosion Risk Management Research and Development Programme Large Dams Inc.




Other Source Documents

RISK ASSESSMENT
IN DAM SAFETY MANAGEMENT

A reconnaissance of benefits, methods and
current applications

EVALUATION DU RISQUE DANS LA
GESTION DE LA SECURITE DU BARRAGE

Examen des bénéfices, des méthodes et
des derniéres applications

E|=Tstz:ulntnu BARRAGE
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Bulletin 130
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Dam Safety

Risk Management Framework

Risk Assessment

Decision Recommendation

Risk
Estimation
Loads

Breach Estimation
Structural Response

Consequence
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Risk Communication

Risk

Evaluation

Decision-Making

Risk

| Management

Risk
Reduction

Recurring
Activities

Periodic
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Risk
Evaluation
Life Safety, Economic,

Environmental & Operational

Public Involvement
Risk Acceptance,
Decision Guidelines,
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RIDM Risk Guidelines

Interim Guidance

hapter 1 — Introduction
hapter 2 — Risk Analysis
hapter 3 — Risk Assessment
hapter 4 — Risk Management

RISK-INFORMED DECISION MAKING (RIDM)
RISK GUIDELINES FOR DAM SAFETY

CHONONO®)

FEDERAL ENERGY REGULATORY COMMISSION
Office of Energy Projects - Division of Dam Safety and Inspections

Version 4.0
March 2016
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Chapter 1 - Introduction to RIDM

» Risk Terminology/Definitions

- Approaches to Dam Safety Assessment
- Owner/Licensee Responsibilities

» Implementing RIDM Approaches
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Benefits of Risk-Informed
Decision-Making
» Better Understanding of Potential Failure Modes

- Identifying Previously Unidentified Potential
Failure Modes

- Considering the Probability of Failure &
Consequences

- Comparing the Safety of Different Dams
» Understanding the Uncertainty in Analyses

» Comparing the Contribution of All Failure
Modes to the Overall Risk
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Benefits of Risk-Informed

Decision-Making

- Understanding the Risk Associated with an
Inventory of Dams

- Evaluating Risk Reduction Alternatives

- Identifying Critical Systems and Components

- Focusing Surveillance & Monitoring Programs

- Improving Emergency Action Plans

- Prioritizing Dam Safety Resources




Benefits of Risk-Informed
Decision-Making
- Highlighted Benetfits

» Improved understanding of the safety of the dam

= A means of analyzing risks in areas where no
traditional standards exist

= Proper understanding of potential liabilities of
dam ownership

= Basis for demonstration of due diligence




Implementing RIDM

« RIDM ENHANCES Standards

There was previously a view by some that risk assessment
was a means to justify less costly safety upgrades of dams
than those required by the SBA. It is now recognized that

such a view seriously misunderstands the true aim of risk

assessment, which is more informed decision making than
would be possible from reliance on the SBA alone.
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How?
- Two ways: B
= Standards-based Approach m:'fgn::u:s
- FERC Engineering Guidelines HERGEORERE RO

and established processes

= Risk-informed Approach

- Identification, evaluation,
and management of risks

FEDERAL ENERGY REGULATORY COMMISSION
OFFICE OF HYDROPOWER LICENSING
JULY 1987

‘How’ is not just a question.

how

ISTHE ANSWER.
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Why Not Just Standards?

« Sometimes standarc
« Sometimes standarc

s are not enough
s are not equitable

« Sometimes standarc

s don’t provide a proper

framework to evaluate safety
« Standards focus on the infrastructure and not so

much on the people

- Standards have a tendency to lead to

a ‘check the box’ mentality
- Recognition risk approaches helps in
better informed decision making




Chapter 2 - Risk Analysis

- Elements of risk analysis




Chapter 2 - Risk Analysis

 Types of Risk
= Incremental Risk
= Non-breach Risk
= Residual Risk
» Risk Measures
= Life Safety
» Individual risk

- Societal risk
- Non-breach risk

= Annual Probability of Failure
o Economic
= Environmental and Other




Chapter 2 - Risk Analysis

- Levels of Risk Analysis

 Roles and Responsibilities
= Qualifications of personnel

« Methodology
- ALARP
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Levels of Risk Analysis

Level 1 — Screening

Level 2 - Periodic

Level 3 - Semi-Quantitative Risk
Analyses (SQRA)

Level 4 - Quantitative Risk Analyses
(QRA)




Risk Ana

| LEVEL1 |

| SCREENING |
LEVELRISK |
ANALYSIS

s1s Process

| performed by
| owners with
| multiple dams.

I (NOT required Y

| by FERC) LEVEL 2

e < PERIODIC
RISK ANALYSIS

NOTE 1: The urgency and priority
of progressing from a lower level
risk analysis to a higher level of
risk analysis, when needed,
should be commensurate with the
understanding and portrayal of
the risk, the confidence in the risk
estimate, and the uncertainty of
the estimate.

NOTE 2: Generally, the urgency
and priority of progressing to the
evaluation of other risks and risk
tolerability is greatly reduced
when no credible/significant risks
have been identified from the
prior risk analysis, unless there
are reasons to believe that the
other risks may be significant.

FOOTNOTES:

(as defined in Chapter 3)

other consequences

3.3.6 in Chapter 3)

Credible/Significant
Risks' Identified?

LEVEL 3
SEMI-
QUANTITATIVE
See Note 1| pisk ANALYSIS

See Note 2

Evaluate Other
Risks? and Risk
Tolerabilityg

Credible/Significant
Risks' Identified?

See Note 1

LEVEL4
QUANTITATIVE
See Note 1 RISK ANALYSIS

Credible/Significant
Risks" Identified?

Review Risks

Are Risks Tol le?
2GS Lt Periodically

See Note 2
Evaluate Other Initiate Dam
Risks” and Risk See Note 1 Safety
Tolerability® Modification
Study
_or-

Initiate Design/
Construction of
Modifications

Credible/Significant
Risks" Identified?

1. Credible/Significant Risks — Risks that are considered unacceptable or intolerable

2. Other Risks — Individual risk, non-breach risk and economic, environmental, and

3. Risk Tolerability — Evaluate if risks meet ALARP considerations (as defined in Section

At the completion of each risk analysis:

. Identify and implement Interim Risk Reduction Measures as identified in Chapter 4 of these guidelines.
. Review DSSMP/DSSMR for adequacy and frequency of readings.

. Review EAP for input on warning time and consequence implications.

. Review annual dam safety inspection frequency, timing, and scope.

. Review O&M procedures for possible improvements/concerns.

. Review training requirements and schedule.

[= T I T e




Roles and Responsibilities

Table 2.2, Guidelines for Mi Qualifications of Key Fisk Analvsiz Personnel

Facilitator Subject Note
Level2 | Level 3 | Level 44 | Level 48 | Level 4C Matter | Software | Taker/
Penotc| Sama | “oma | ama’ | “gra_ | Expen | Opersor | secorter
Dam Safety Experience
Years of dam safsty sxperisnce

° °
F Cl 1 a O r {ix studies, designs, construction, 10 10 15 20 20 10 5 5
a | l ate)
Primary author on dam anal; dazign, or

construction {pumber of technical papers ot 3 3 7 10 3
significant teport: authorsd)
Laad reviswsr of membar on axpart

b pamalboard for dem studiss, dasign, or 4
‘construction (pumber of projects)
upjec atter rLxper i
disciplines for dam smalysss {mumber of 2 2 4 4 5

projects)
Author, prasanter, or participant in dam failure

- Software Operator R

b

o
Primary suthor of Lavel 4 rizk analysis raports 2 2
3% party reviewsrindspsndant tevisw of Laval
ote Taker e
3% party mviswerindspendant review of Laval -

4 sizk analysiz saports
| Facilittad leval 3 risk apalysas 2
| Facilitatad laval 4A rizk analyses
| Facilitatad laval 4B rizk analyses
Drimary author of 2 tachmical publication on
dam safaty sisk apalysiz

")

s

s

Traimine*
Base Courses
Orvarvisw of Risk Andlvaas B B B B B B B B
Best Practicas in Dam Safaty Risk Analysas R E R E E s s
Laval 1 Risk Analysas E
Laval 3 Risk Analyses R E R E E
Facilitation B B B 5
Loadings and Consequences
Hydrologic Loading g 5 5 B B
Seizmic Leading s s s s E
[ Consaquances 5 5 5 B3 B3
| Failure Modes and Risks
| Internal Ercsion Machanics s )23
Intemal Erosion Fisks s E
Orvertopping Overmash/Ercsion  of Soil and 3 E
Rock
Seizmic Analvsiz of Concrste Structurss and
= 5 E
Gates
Ssizmic Analveiz of Embankmants s )23
Oparational Fisks s s E E
Rick Analysis
| Failure Modas and Event Trea Construction 5 13 E E
s E B B
Dortrayal of Fisks to Support o 5 13 E
Other
Drofessionsl License Raguiremants PE PE PE PE PE PERG
PRagularly participates in professional socisty Yes Yeas, Yes, Yes, Yes,
mestings confarancas works hops ‘publications typically | typically a | typically a | typically
{USSD, ASDSO, or similar) a tachnical tachnical a
mambar | committes | committes | membar
member member




Risk Methodology

Best Practices in Dam
And Levee Safety Risk Analysis

A Joint Publication by
U.5. Department of the Interior, Bureau of Reclamation, and

U.5. Army Corps of Engineers

Thekr wanpa wr developed for buermel wre. The agencies make no puoramiees & 60 the GOCurGoy o
applicability of the infarmation presenied heveim
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As Low As Reasonably Practicable

- That principle which states that risks, lower than the
limit of tolerability, are tolerable only if risk reduction is
impracticable or if the next increment of risk reduction is

not cost effective compared to the improvement gained.
(ICOLD, 2005)

A
“A level of risk that is tolerable and cannot be
Level reduced further without the expenditure of costs that
of Risk  are disproportionate to the benefit gained or where
the solution is impractical to implement”
g (@)
$, Resources, Effort

\ 4

Cost / Benefit ALARP
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ALARP Factors

Cost Effectiveness
Level of Risk
Disproportionality
Good Practice
Societal Concerns
Other Factors

AL ol (R

“One accepts options, not risk”



Chapter 3 - Risk Assessment

e Tolerable Risk Concepts What's your risk tolerance?

» Risk Assessment Guidelines @ @ 100%
« ALARP Assessment

 Decision Making
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Tolerable Risk Defined

- Tolerable Risk is (by the International
Committee on Large Dams (2005) adapted from
HSE (2001)):

1) Risk society is willing to live with so as to secure
certain benefits,

2) Risk society does not regard as negligible or
something it might ignore,

3) Risk that society is confident that are being
properly managed by the owner,

4) Risk the owner keeps under review AND

5) Reduces still further as practicable.
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UK Health & Safety Executive (2001)
Tolerability of Risk Framework

A
U tabl Risks cannot be justified
na_ccep anle except in extraordinary
Region circumstances
In this region, risks must
be controlled; ALARP
TOIe_rable measures must be
Region introduced to drive
residual risks towards the
broadly acceptable region

Broadly

Acceptable Risk regarded as insignificant, further
. effort to reduce risk not required
Reglon unless easily achieved
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Building the Case

« Are Risks Tolerable?
= ALARP

 Risk Estimate

« Uncertainty

» Confidence




Chapter 4 - Risk Management

- Risk Management 5 2

s Prioritization s EFISKemdaiin 8-
- Risk Reduction Measures ma {,‘.aanng'T'e“t
- Risk Communication N E }

highest nsk

Impact



Dam Safety Risk Classification (DSRC

Urgency of
Action
(DSRC)

Description

Characteristics

Potential Actions

|—
VERY
HIGH

An active potential failure mode is in
process or the likelihood of a failure is
judged to be extremely high, such that
immediate actions are necessary to
reduce risk.

CRITICALLY NEAR FAILURE: There is direct
evidence that failure is in progress, and the dam is
almost certain to fail during normal operations if
action is not taken quickly.

OR

EXTREMELY HIGH RISK: Combination of life
or economic consequences and likelihood of failure
is very high with high confidence.

Take immediate action to avoid failure

Communicate findings to potentially affected parties

Implement IRRMs, including operational restrictions

Ensure that the EAP is current and functionally tested for initiating
event

Conduct heightened monitoring and evaluation

Expedite investigations and actions to support long-term risk
reduction

Initiate intensive management and situation reports

-
HIGH

Potential failure mode(s) are judged to
present very serious risks, either due to
a very high probability of failure or due
to very high life loss, that justify an
urgency in actions to reduce risk.

RISK IS HIGH WITH HIGH CONFIDENCE,
OR IT ISVERY HIGH WITH LOW TO VERY
LOW CONFIDENCE: Failure could begin during
normal operations or be initiated as a result of an
event. The likelihood of failure from one of these
occurrences, prior to taking some action, is too high
to delay action.

Communicate findings to potentially affected parties

Implement IRRMs, including operational restrictions, as warranted
Ensure that the EAP is current and functionally tested for initiating
event

Conduct heightened monitoring and evaluation

Expedite investigations and actions to support long-term risk
reduction

Expedite confirmation of classification

1 -
MODERATE

Potential failure mode(s) appear to be
dam safety deficiencies that pose a
significant risk of failure and actions
are needed to better define risks or to
reduce risks.

MODERATE TO HIGH RISK: Confidence in the
risk estimates is generally at least moderate, but can
include facilities with low confidence if there is a
reasonable chance that risk estimates will be
confirmed or potentially increase with further study.

Implement IRRMs, including operational restrictions, as warranted
Ensure that the EAP is current and functionally tested

Conduct heightened monitoring and evaluation

Prioritize investigations and actions to support long-term risk
reduction

Prioritize confirmation of classification as appropriate

AV
LOW

Potential failure mode(s) appear to
indicate a potential concern, but do not
indicate a pressing need for action.

LOW RISK: The risks are low to moderate with at
least moderate confidence, or the risks are low with
low confidence, and there is a potential for the risks
to increase with further study.

Ensure that routine risk management measures are in place
Determine whether action can wait until after the next Part 12D
Report

Before the next Part 12D Report, take appropriate interim measures
and schedule other actions as appropriate

Give normal priority to investigations to validate classification, but
do not plan for risk reduction measures at this time

V-
NO

Potential failure mode(s) do not appear
to present significant risks and there are
no apparent dam safety deficiencies.

VERY LOW RISK: The risks are low to very low
and are unlikely to change with additional
investigations or studies.

Continue routine dam safety risk management activities and normal
operations and maintenance




Chapter 4 - Risk Management

 Interim Risk Reduction Measures

= Plan Requirements

= Submittal Requirements (DSRC I, II, III)
- Routine Dam Safety Activities

= Inspections

o KAPS
- Exercise frequency based on DSRC
» DSSMP/R

« Risk Communication Plan




Path Forward

- Internal video conferences April

« External webinars (licensees May
and consultants)
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Pilot Studies

« The purposes of the risk pilot
studies are to:

» Provide a clearer
understanding of the
outstanding dam safety issues
at each dam and provide a
more confident path to
resolution of those issues
through risk-informed
decision making.

= Evaluate the RIDM policy
and processes, including
identifying potential
shortcomings in the interim
guidelines.




Ahead

- Level 1 risk analysis review/update

- Pilot risk analyses (Level 3 and 4)

- Level 2 risk analysis methodology development
s Trial studies in spring 2017

- Training plan and schedule




Level 2 RA

 During Part 12D Consultant’s Inspection

- Trial Studies starting 2017

» Extension of PFMA

« Low Level of Effort

» Provides an Initial Estimate
of Risk
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Training

 Internal
» HQ/RIDM Branch
= Regional Staff
» External
» Licensees
= Consultants

= Others







